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FLIGHTINVESTIGATIONOFTHEPERFORMANCE

OFA TWO-STAGESOLID-PR(lP~NIK1-Dl?ACON(DAN)

MEH’EOROIOGICJiLSOUNDINGROCKI+

ByRobertH.Heitkotter

TwoNike-Deacon(DAN)two-stagesolid-propellantrocketvehicles
flighttestedtoevaluatetheiruseasmeteorologicalsounding

rockets.Thevehiclescontainedupperatmosphereres&rchapparat&
whichwasejectedinfQht, ad theflightpathsweredeterminedby
usingradarbeaconinstrumentation.Theradarbeaconinstrumentation
recordeda peakaltitudeof356,~0 feetduringthefirstflighttest
and350,000feetduringthesecondflighttestwhenbothvehicleswere
launchedfromsealevelatanangleofelevationof75°. Satisfactory
performanceoftheDANmeteorologicalsotidingrocketwasindicatedfrom
theresultsoftheflighttestsconducted.Performsncecalculations
basedonflight-testresultsshowthataltitudesbetween358,~0 feet
and487,000feetmaybeattainedwithpayloadsvaryingbetween60pounds
and10pounds.

SN!ERODUCTSON

AttherequestoftheU.S.AirForceCaubridgeResearchCenter,
theLangleyPilotlessAircraftResearchDivisionoftheNationalAdvisory
CommitteeforAeronauticsassistedtheEngineeringResearchJkstituteof
theUniversi~ofMichiganindevelopinganupperatmospheremeteoro-
logicalsoundingrocket.A two-stagesolid-propellantcoxibinationusing
a Nikeboosterwitha second-stageML Deaconsustainer,whichhadpre-
viouslybeenusedbytheNACAasanaerodynamicresearchvehicle,was
adaptedasa meteorologicalsoundingrocket.TWO f~ghtteststoobtain
performaaceevaluationsofthisvehicle,henceforth.referredtoasDAN,
wereconductedattheLangleyPilotlessAircraftResearchStationat
WallopsIsland,Va.

h e informationpresentedhereinwaspreviouslymadeavailableto
theU.S.milJtaryairservices.
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2 NACATN 3739

TheMN soundingrocketisintendedtocarrythefree-fall.acceler-
ometersphereapparatusdevelopedbytheEngineeringResearchInstitute
oftheUhiversi@d?Michiganinordertomeasuredensitiesofthe
atmosphereataltitudesbetween250,000end375,000feet(ref.1). It.
isa desirablecoxibinationbecauseofthebasicsimplicityoftranspor-
tation,assenibly,andlaunchingpossiblewiththeuseofsolid-propellant
rocketmotorshatinghightake-offaccelerations.

Thisreportpresentsthecotiiguration,theflight-testresults,and
thezero-lengthlaunchingmetihodused.Theflight-testresultsarepre-
sentedintheformofdatafortrajectories,velocities,accelerations,
anddrag.Thesedataarerequiredfordeterminingtheabili~ofthe
DANmeteorologicalsoundingrockettoftilfilltheneedsofanyparticular
extreme-altituderesearchmission.
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longitudinalacceleration,ft/sec2

drag,lb

dragcoefficient,D/@F“
R2

accelerationduetogravity,ataltitude~ ftjsecz
(R+ &)2’

accelerationat

altitude,ft

altitude,miles

Machnuuiber

Reynoldsnumber

sealevelduetogravity,32.172ft/sec2

perfootoflength

dynamicpressure,lb/sqft

horizontalrange,ft

radiusoftheearth,miles

frontalarea,sqft

velocity,ft~sec

time,sec
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DESCRIPTIONOFTKEVIHICLESAMDLAUNCHER

Bothsounding-rocketvehiclesemployeda two-stagesolid-propellant
propulsionsystemconsistingofa first-stageNikeboosteranda second-
stageABLDeaconsustainer.A photographofthecombinationonthezero-
lengthlauncherisshowninfigure1. Thefirst-stageNikeboostercon-
sistedofthreeparts:a steeladapterendmagnesiumcoupldngatthehead
endoftheboosterrocket,therocketmotor,anda finasseniblyconsisting
offourfins(sandwichconstructionconsistingofl/16-inch-thickdural-
uminsheetsgluedtoa laminatedwoodcore)attachedtoa cast-magnesium
shroud.Thesecond-stageDeaconsoundingrocketconsistedofthreemajor.
components:theinstrumenthousingassentilyconsistingofanll”apex
anglednoseconesnda taperedsteelsection,theDeaconsustainerrocket
motor,andthefinasseniblyconsistingoffourtaperedduraluminfins
attachedtoa cylindricalshroud.

A sketchofthetwo-stageNike-Deacon(DAN)conibinationwithper-
tinentdimensionsandcenter-of-gravitylocationsisshowninfigure2.
Theconfigurationanddimensionsofbothsoundingrocketswereidentical.
Thefinsofthesecondstagewereinterdigitatedapproximately450with
theboosterfins.Theweightsofbothsounding-rocketconibinationswere
thessme,differingonlyintheadditional5 poundsofthesecondstage
ofsoundingrocketno.2. Theweightsofthevsriouscomponentsare
presentedinthefollowingtable:

Loadedbooster,lb . . . . . . . . . . . . . . . . . . . . . . 1,170
Boosteredapter,lb.. . . . . . . . . . . . . . . . . . . . . 45
Boosterfins,lb . . . . . . . . . . . . . . . . . . . . . . . log
Completebooster,lb . . . . . . . . . . . . . . . . . . . . . 1,324
LmdedDeacon,lb.. . . . . . . . . . . . . . . . . . . . . . 151.5
Deaconfins,shroud,andfairingring,lb. . . . . . . . . . . 25.5
Nozzleextension,lb . . . . . . . . . . . . . . . . . . . . .
Noseconeandinstrumentation,lb. . . .*.O forno.1 39forno?’”;
CompleteDeaconsecondstage,lb . . .216.0forno.1 221forno.2

Figure3(a)showsa photographoftheasseniblednoseconeofthe
secondstage.Thecast-magnesiumshellhousestheAN/DFN-19radar
beaconinstrumentation.Becauseoftheaerodynamicheating,a 3/16-inch
thicknesswasrequiredforthemagnesiumshell.A theoreticalheat-
trensfercalculation,basedupona coastperiodof1.2secondsbetween
theboosterendthesecond-stagefiring,gavea skintemperatureof5500F
ata station24inchesfromthepointofthenose.

Thepositionoftheaccelerometersphereenclosedwithinthenose
coneisrepresentedinfigure3(b).M ordertoreleasetheUniversity
ofMichiganaccelerometersphere,theduraluminretainerringisexploded
anda stiffspringpushesthesphereandnose-conesectionawsyfromthe
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second-stagerocketmotor.A weakerspringthenpushestheaccelerometer “
sphereawayfromthenosecone.Figure4(a)showsa sketchofthenose
coneandspherebeingseparatedfromthesecond-stagerocketbyexploding
theretainerring.Figure4(b)showsthesphereseparatingfromthenose
cone.

A zero-lengthlauncherwasm“edasshowninfigures1 apd5. A
detailedphotographofthelaunchingfittingsisshowninfigures6 and7.
Figure6 showstheforward fittinghookedintothespring-loadedarms
thatflyaparttocleartherearboosterfinwhenthetwo-stagevehicle
islJXulched.Figure7 showstherearfittingconsistingofanadjustable
stud@acedina socketof&e boostershroud.A singleforwerdfolding
armmaybeusedinplaceof the twospring-loadedarms,andtherear
fittingmaybeplacedbetweentwoofthefinsontheshroud.

INSTRUMENTATION
,

TheNACASCR584modifiedtrackingradarunittrackeda signalfrom
theAN/IIPN-19radarbeaconhousedwithinthenoseconeofthesounding
rocketandprovidedslantrange,azimuth,andelevationanglefromwhich
altitude,horizontalrange,andflight-pathanglemaybecalculatedat
a giventime.A rawinsonde,aballoonthatwaslaunchedbeforethe
timeofflQht,providedmeasurementsofstaticpressure,statictemper-
ature,andballoonazimuthandelevationtoaltitudesinexcessof
60,000feet.Windvelocityanddirectionwerecalculatedfromthese
data.

TheCWDopplerradarunitaffordedthevariationofvelocitywith
time● Thevelocitiesthusobtainedwerethenusedwithvaluesofthe
speedofsoundinordertoobtainMachnuniber.
calculatedfromstatic-tempxaturemessurements
ratinsonde.

FIZGET-TESTPROCEDURE

Bothflight-testDANsoundingrocketswere

Thespeedofsoundwas
obtainedfromthe

launchedatauangle
ofelevationof75°fromhorizon~.Thiswasthemaximumlaunching
anglepermittedby safetyrestrictionsatthefiringrangeatthe
=eY pilotlessticr~t Rese=chStationatWallopsIsland,Va. Both
second-stagerocketswereallowedtodecelerateafterboosterseparation.
Thecoastperiodpermittedthevehiclestotraversethelower,denser
atmosphereatlowervelocities,therebyreducingthemaximumouterwall
tempe=t~esofthenosecone~ rocketcaseaswellasloweringthe
aerodynamicdrag.Theoptimumdurationofthecoastingperiodfor
attainmentofmaximumaltitudewasestimatedtobe10to14seconds,

—
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accordingtoperformancecalculations.Thisvariationincoastperiod
wasnotcritiaal.SincetheburningtimeoftheNikeboosterfirst
stagewasapproximately3.5seconds,a nominally15.5-secondtime-delay
powdersqyib,electricallyignited,wasemployedintheDeaconsecond
stageinordertogivea nominalcoastingperiodof12secondsand
permitignitionofthesqpibattheinstantoflaunching.Theaccuracy

. ofthetimedelsyofthe15.5-secondtime-delsysquibisabout1.0second.
. IntheflighttestofthefirstDANsoundingrocket,thesquibgavea

delayofabout17seconds.Accordingly,inthesecondDANsounding-
rockettest,a nominaI$13.5-secondtime-de~squl’bwasemployedwhich
inthefldghttestgavea delayofaboutw.8 seconds.Thenosecone
andaccelerometersphereweretobereleasedfromtheDeaconsecond
stageat52secondsaftergroundlaunching;atthisfllghttime,thecal-
culatedratioofsecond-stagedragtoweightwas1 percentorless.
Figure8 illustratesthesequenceofeventsintheflighttestofthe
soundingrockets.

RESUIX!SANDDISCUSSION

Flight-TestResults

ThefirstDANvehiclewaslaunchedatanangleofelevationof75°.
Thesecondstagewasboostedtoanaltitudeof4,900feet.!lhebooster
thensepsratedfromthesecondstagesincethedecelerationofthe
burned-outboosterwasgreaterthanthatofthesecond-stagesustainer.
Thesecondstagecoasted13.7secondsbeforetherocketfiredandwas
acceleratedtoamaximumveloci@of5,150feetpersecondatanaltitude
of47,o6ofeet.Afterburnout,thesecondstagecoastedinfreef~ght,
gainingaltitude.Theejectionmechanismreleasedthenosecaneend
sphereat52secondsafterlaunchingtookplace.Apeakaltitudeof
356~OOOfeetw=dete~nedfromtheAN/mN-19radarbeaconinthenose
coneat161secondsaftergroundlaunching.T@ radarbeacodwastracked
alongthetrajectorydowntoa 53,000-footaltitude.Theestimatedrange
uponimpactwas*O,CXIOfeet.

ThesecondDANvehiclewaslaunchedatanamgleofelevationof75°.
Thesecondstagewasboostedtoanaltitudeof5,200feetjthenthe
boosterseparated.Thesecondstagethencoasted9.45secondsbefore
therocketfiredandwasacceleratedtoa maximumvelocityof5,289feet
persecondatanaltitudeof39,339feet.Afterburnout,thesecond
stagecoastedinfreefldght,gainingaltitude.Theejectionmechanism
againwastimedtorelease the noseconeat52secondsafterlaunching
tookplace.ATeskaltitudeof350,000feetwasdeterminedfromthe
AN/RPN-19radarbeaconinthenosecone.Theradarbeaconwastracked
intermittentlyduringtheascensionofthesecondfli@t. Abeacon-

. signalrecordingwasobtainedfor1/2secondofflighttimebetween
29,0h8-=d 2g,762-footaltitudes.A beaconsignalwasnottracked
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6 mm m 3739

againuntilJustbeforepeskaltitude.Thefli@tpathwasthenbeacon !,
trackeddownwardtoa 144,000-footaltitude.Theimpactpointwasesti-
matedtobe320,CO0feetinrange.Byreconstructionoftheascension
ofthesecond-stageflightpathfromthedataobtained,peekaltitude
wasfoundtobereachedin156seconds.

lHgure8 showstrajectoryplotsofthetwoDANvehicleccmibinations.
Thesolidportionrepresentsthetrackingoftheradarbeacon,whereas
thedashedlinesindicatetheestimatedorreconstructedportionofthe
flightpath.Figure8 alsoillustratesthesequenceofeventsthat
takeplaceframlaunching,second-stageseparation,second-stageascen-
sion,sphereandnose-coneejection,andtheDeaconrocket,sphere,and
nose-conef~ghtpaths.Figure9 representsthevariationofaltitude
withflighttimeforbothflightteststotheapexofthetrajectory.

Thevariationofveloci~withflighttimeforbothcombinations
ofboosterandsecondstage,asrecordedbytheCWDop@.erradarinstru-
mentationforthefirst23seconds,ispresentedinfigure10. The
coastperiodssreindicatedbya dashedldne.

ThevariationofdragcoefficientswithMachnuniberforthecoast
periodsofthesecondstageispresentedinfigure11. Figure12
presentsthevariationofReynoldsnumberperfootoflengthwithI@ch
numbercalculatedfromthevelocitiesobtainedfromtheCWDoppler
radarinconjunctionwithdensitiesandtemperaturedeterminedfromthe
rawinsondemeasurements.

PerformanceConsiderations

PerformanceoftheDANsoundingrocketmaybecalculatedfor
differentpayloadsfromthedataobtainedfrmnthetwoflighttests.
Formostextremealtitudeexperiments,near-verticallaunchingangles
willbeused.l%omthedataobtainedfromtheDANflighttests,the
variationinaltitudewithchangeinpeyloadsmaybecalculated.The
payloadisthatinstrumentationrequiredotherthantheloadedrocket,
fins,shroud,andnosecone.Thecalculatedvariationofpeakaltitude
withchangeinpayloadfora verticallaunchingisshowninfigure13.
Thehighesteltitudeof487,ooofeetrepresentsa 190-poundsecondstage
ofwhich10poundsispayload.me lowestaltitudeof358YO00feet
representsa 2~-poundsecondstageofwhich60poundsispayload.M
ordertodeterminethenecessarylimitationsthatmightberequiredof
anyinstrumentationduetoaccelerationoftheDANsoundingrocket,a
plotofabsolutelongitudinalaccelerationwithtimeispresentedin
figure14.
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TwoNike-Deacon(DAN)

CONCLUDINGREMARKS

soundingrocketswere
testedtodeterminethedrag,trajectories,some

—.-

7

successfullyflight
velocityandaccelera-

tioninformation.Thefldghttestsdemonstratethatthistwo-stage
solid-propellantsoundingrocketoperatessatisfactorilywithrespect
tobothpropulsionendaermlynsmics.Altitudesbetween385,000end
487,ooofeetmaybeattainedwithpaylosdsvaryingbetween60and
10poundswhentheDANislaunchedvertic~.

LsngleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

-Y Held,Va.,Deceniber5, 1955.

1. Bartman,F.L.: FallingSphereMethodforUpperAirDensitysnd
Temperature.RocketExplorationofthel@perAtmosphere,R.L.F.
BoydandM.J.Seaton,eds.,IntersciencePubHshers,fit.(New
York),andPergemonmess Ltd.(lkmdon),1954,pp.98-107.
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(a) Photographofnosecone.
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(b) Cuba-yshowingaccelerometersphere.
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Figure3.- Second-stagenosecone.
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(b)~ection of the accelerometerspherefrom the nose ccme.

Figure4.-Schermtlcsketchof sequencerel.eaaeof the nose conefrcm the
second-stagerocket.
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Figure9.-Variationof altitudewith time.
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